Serum alkaline phosphatase (ALP) concentration is a prognostic factor for osteosarcoma in multiple studies, although its biological significance remains incompletely understood. To determine whether gene expression patterns differed in osteosarcoma from patients with differing serum ALP concentrations, microarray analysis was performed on 18 primary osteosarcoma samples and six osteosarcoma cell lines from dogs with normal and increased serum ALP concentration. No differences in gene expression patterns were noted between tumours or cell lines with differing serum ALP concentration using a gene-specific two-sample t-test. Using a more sensitive empirical Bayes procedure, defective in cullin neddylation 1 domain containing 1 (DCUN1D1) was increased in both the tissue and cell lines of the normal ALP group. Using quantitative PCR (qPCR), differences in DCUN1D1 expression between the two groups failed to reach significance. The homogeneity of gene expression patterns of osteosarcoma associated differing serum ALP concentrations are consistent with previous studies suggesting serum ALP concentration is not associated with intrinsic differences of osteosarcoma cells.
Osteosarcoma is the most frequent primary bone malignancy in dogs. 1 The disease is associated with a high metastatic rate and most disease-related mortalities are because of pulmonary metastatic disease. Osteosarcoma most frequently affects large breed dogs and arises in the metaphyseal region of long bones, specifically the proximal humerus, proximal tibia and distal femur. Prognostic factors that have been identified for osteosarcoma include tumour location, tumour size, presence of metastatic disease at diagnosis, response to chemotherapy, various genetic alterations, and serum alkaline phosphatase (ALP) concentration. 2 
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The prognostic significance of serum ALP concentration in dogs with osteosarcoma was initially reported by Ehrhart and subsequently confirmed in multiple other veterinary studies. 3 -8,11,12 Similarly, serum ALP concentration is a negative prognostic factor in humans with osteosarcoma. 13 -19 Whereas prognostic significance of serum ALP concentration has been widely accepted, other studies have failed to find a prognostic significance of increased serum ALP. 20 Until recently, relatively little was known regarding the biological or mechanistic relevance of increased serum ALP concentration in osteosarcoma.
ALP is an enzyme that catalyses the hydrolysis of phosphate esters at an alkaline pH. 21 In dogs, there are two distinct ALP iso-enzymes which are encoded by two genes, the intestinal and tissue non-specific genes. The tissue non-specific iso-enzyme gives rise to three isoforms: bone, liver and kidney. 21, 22 The ALP enzymes are linked to the outer surface of the cell membrane via a glycophosphytidylinositol (GPI) linkage protein.
Bone-specific ALP (bALP) is frequently used as a marker of cells from the osteoblastic lineage and osteoblastic activity. 22, 23 Additionally, immunocytochemical or immunohistochemical staining for the presence of ALP has been used to differentiate osteosarcomas from other sarcoma types during cytologic and histopathologic examination, respectively. 24 The function of bALP is poorly understood, although it is likely be involved with skeletal mineralization. 22, 23 As previously noted, a subset of osteosarcoma patients have an increased serum ALP concentration at the time of diagnosis, which is associated with a worse prognosis. 3 -8,11,12 Recently, studies have attempted to better define the biological or mechanistic significance of increased serum ALP in canine osteosarcoma. Initial studies attempting to correlate ALP concentration with tumour size or volume found no definitive association. 3, 25, 26 However, a recent study by Sternberg et al. indicated that tumour burden is a determinant of ALP concentration, although it may not be the sole determinant. 27 Additionally, the behaviour of primary osteosarcoma cell lines derived from patients of differing serum ALP status were found to be no different between cell lines derived from patients with normal or increased serum ALP. 28 Surprisingly, there was no difference in the ALP activity of these cell lines despite the difference in serum ALP concentration. These findings would be consistent with those of Sternberg et al. in that differences in ALP activity would result from differences in cell number, or tumour burden, as opposed to intrinsic differences between cells comprising the individual tumours. However, it is conceivable that these tumours may differ in ways that were not assessed by the in vitro assays. Also, the generation of primary osteosarcoma cell lines selects for the clonal expansion of cells that may not be representative of the entire tumour.
Therefore, the aim of this study was to determine if the gene expression pattern of osteosarcoma differed between osteosarcoma-bearing dogs having different serum ALP concentrations (i.e., normal versus increased). We hypothesized that the gene expression profile of osteosarcoma tissue from dogs associated with increased serum ALP concentration would be distinct from osteosarcoma tissue associated with normal serum ALP.
Materials and methods

Ethics statement
This study was carried out in strict accordance with the recommendations in the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health. The protocol was approved by the UW-Madison's School of Veterinary Medicine Animal Care and Use Committee (Protocol: V01391-0-09-08). Owner consent was obtained prior to the collection of tumour tissue.
Clinical sample selection
Patient requirements for tumour tissue samples to be collected for this study included a histopathologic diagnosis of osteosarcoma and no previous treatment with any cytotoxic chemotherapy agent or radiation therapy. The determination of bALP isoform concentration was not performed, although attempts were made to be as stringent as possible regarding patient selection for the collection of tumour samples associated with increased serum ALP concentration. Patients could not have received any corticosteroids for a period of at least 2 weeks preceding the identification of an increased serum ALP concentration and tissue collection.
In addition, with the exception of serum ALP, all renal and hepatic enzyme values were required to be within normal limits of the reporting clinical pathology laboratory. The determination of serum ALP concentration for patient samples utilized in this study occurred at multiple clinical pathology laboratories and at different times, resulting in differences in the reference range for ALP. For this reason each patient was classified as having normal or increased serum ALP according to the normal reference range for the reporting clinical pathology laboratory. Canine osteosarcoma tissue was collected at the time of diagnostic biopsy, surgical amputation or necropsy at either the University of Wisconsin-Madison Veterinary Medical Teaching Hospital or the Flint Animal Cancer Center at Colorado State University. All tumour tissue was snap frozen in liquid nitrogen and stored at −80 F until used for RNA isolation. Samples shipped from CSU to UW-Madison for processing were sent on dry ice and all samples remained frozen upon inspection at the time of receipt. For the canine osteosarcoma tissue collected at UW-Madison, a portion of tumour tissue was placed into phosphate-buffered saline (PBS) for generation of canine primary osteosarcoma cell lines and another portion was snap frozen in liquid nitrogen.
Generation of canine primary osteosarcoma cell lines
Primary cell lines were generated from clinical tissue samples using previously described procedures. 28 Briefly, the tumour tissue collected in PBS with PenStrepFungizone (Invitrogen, CA, USA) underwent enzymatic and mechanical digestion using collagenase I (200 U mL −1 ) (Worthington Biochemical, Lakewood, NJ, USA) and DNase I (100 U mL −1 ) (Sigma Aldrich, St. Louis, MO, USA) in association with scalpel and scissors mincing, followed by filtration through a 40 mesh sieve until a single cell suspension was created. The resulting cell suspension was centrifuged for 7 min at 1400 rpm. The pellet was washed with sterile saline and re-centrifuged with the same conditions. To the pellet, 3 mL of complete modified eagle media (CMEM) was added, and the mixture was incubated in a flask with an additional 9 mL of CMEM. All cells were maintained in CMEM supplemented with 10% heat-inactivated cosmic calf serum (Thermo Scientific, Waltham, MA, USA), sodium pyruvate (Corning, Manassa, VA, USA), L-glutamine (Corning), modified eagle medium (MEM; Corning) vitamins, non-essential amino acids, and 1% Pen/Strep (Corning) at 37 ∘ C in a humidified incubator with 5% CO 2 . All cell lines used in this experiment were beyond the 15th passage.
Microarray experiments
Total RNA was isolated from clinical samples using Trizol (Invitrogen), and purified by PureLink RNA Mini Kit (Ambion, Life Technologies, Carlsbad, CA, USA) according to the manufacturer's instructions. All RNA was isolated from tumour tissue samples and cell lines by one individual at UW-Madison. When isolating RNA from the tumour samples and cell lines care was taken to always pair a normal serum ALP and increased ALP sample at the same time. The quantity and purity of RNA was assessed by UV Spectroscopy. The absorbance of RNA samples was measured at wavelengths of 260 and 280 nm using a NanoDrop ND-100 spectrophotometer (Isogen Life Science NV, Sint-Pieters-Leeuw, Belgium). RNA integrity was assessed by running all samples on a denaturing agarose gel. Array analysis with GeneChip Canine 2.0 Genome Arrays (Affymetrix, Santa Clara, CA, USA) was performed for all tumour samples. The oneCycle Target Labeling and Control Reagents package (Afftmetrix) was used to synthesize cDNA from total RNA spiked with prokaryotic Poly-A RNA as a control. The Sample Cleanup Module (Affymetrix) was used to purify the cDNA which was then used for synthesis of biotin-labelled cRNA. cRNA was purified, quantified and fragmented before hybridization with the GeneChips. Hybridized chips were washed, stained using streptavidin-conjugated phycoerythrin fye, Invitrogen) and enhanced with biotinylated goat anti-streptavidin antibody (Vector Laboratories, Burlingame, CA, USA) using an Affymetrix GeneChip Fluidics Station 450 and GeneChip Operating Software. The Affymetrix GeneChip scanner 3000 was used to acquire images. All Affymetrix GeneChip processing was carried out at the UW-Madison Gene Expression Center. The canine osteosarcoma tissue and cell line (GSEarray data from this study are available through the Gene Expression Omnibus (GEO) website as accession numbers: GSE63476 and GSE57884, respectively.
Quantitative PCR (qPCR)
Total RNA was isolated from clinical samples using Trizol (Invitrogen) and purified by PureLink RNA Mini Kit (Ambion, Life Technologies, Carlsbad, CA) according to the manufacturer's instructions. The PureLink RNA Mini Kit includes treatment of RNA with DNAase to reduce genomic DNA contamination. The quantity and quality of isolated RNA was carried out as described in the microarray analysis section. qPCR was performed using TaqMan Gene Expression Master Mix with TaqMan Gene Expression Assays (Applied Biosystems) according to the manufacturers protocol on a Bio-Rad iQ5 Multicolor Real-Time PCR Detection System with Bio-Rad iCycler machine and iQ5 software. qPCR was performed on canine Frizzled-6 (Cf02625614_m1, Applied Biosystems), ABCC1 (Cf02624363_m1, Applied Biosystems), ABCG2 (Cf02627536_m1, Applied Biosystems) and ERCC1 (Cf02660663_g1, Applied Biosystems) to validate the results of our microarray data. The expression of defective in cullin neddylation 1 domain containing 1 (DCUN1D1) was evaluated amongst cell lines generated from tumour tissue associated with normal (n = 3) and increased (n = 3) serum ALP concentration using the following assay: canine DCUN1D1 (Cf02662796_m1, Applied Biosystems). Ct values were normalized to 18S expression (4352930E, Applied Biosystems). The qPCR primers utilized are designed to cross exon boundaries to exclude the amplification of genomic DNA. Relative difference in mRNA expression of canine OSA cell lines were compared with normal canine osteoblasts (Cell Applications, San Diego, CA) using the ΔΔCt method. Gene expression of samples was measured in triplicate.
Statistical analysis
Microarrays were checked for outliers and preprocessed using robust multiarray averaging (RMA).
The effect of serum ALP was assessed using a two-way analysis of variance per gene. A two-way ANOVA was performed to account for potential batch effects. The differential expression of genes between high and low ALP status was tested using gene-specific two-sample t-tests coupled with Benjamini-Hochberg p-value adjustment. Empirical Bayes for Microarrays (EBarrays)-Lognormal Normal with Modified Variances Model (LNNMV), a more sensitive empirical Bayes procedure was also applied after the first test. 29 A two-tailed t-test was used to detect differences in DCUN1D1 expression, as determined by QPCR, between normal and increased ALP cell lines. Results were considered significant at P < 0.05.
To evaluate the relationship between serum ALP concentration and outcome for cases used in this study, cases of appendicular osteosarcoma who had undergone surgical excision of the primary tumour and received adjuvant chemotherapy were divided into two sub-groups; those having normal serum ALP concentration and those having increased serum ALP concentration. Descriptive and comparative statistics were performed for the overall study population, as well as the two main sub-groups. Fisher's exact test was used to compare categorical non-numerical data, such as gender and tumour location between groups. The Wilcoxon Rank-Sum Test was used to compare continuous numerical data between groups. Results were considered significant at P < 0.05.
Owing to the lack of routine follow-up, progression free survival (PFS) was not able to be determined. Overall survival (OS) was defined as the time (in days) from the date of surgery until the date of death as a result of osteosarcoma or another cause. Data was considered right-censored at the time of last veterinary contact if the dogs remained alive at the conclusion of the study period, or if they were ultimately lost to follow-up. Kaplan-Meier survival curves were estimated for patients with normal and increased serum ALP concentration. The median OS was compared between patients with normal and increased serum ALP concentration using the Log-Rank Test. Results were considered significant at P < 0.05.
All statistical analyses were performed utilizing two commercially available software packages: 
Results
Osteosarcoma tissue was collected from 18 canine patients at the University of Wisconsin-Madison Veterinary Medical Teaching Hospital (n = 8) and Colorado State University's Animal Cancer Center (n = 10). Of the 18 dogs from which osteosarcoma tumour tissue was collected, nine dogs had normal serum ALP concentration and nine dogs had an increased serum ALP concentration at the time of diagnosis ( Table 1) . The serum ALP concentration [mean ± standard error mean (SEM)] was 112.8 ± 16.1 and 273 ± 62.6 U L −1 for the normal and increased serum ALP groups, respectively (Fig. 1A) . As the serum ALP concentration was evaluated at different institutions we normalized values to the upper-limit of the reference range provided by the testing laboratory. The relative serum ALP value (mean ± SEM) was 0.51 ± 0.08 and 1.78 ± 0.44 for the normal and increased serum ALP groups, respectively (Fig. 1B) . The average age of the nine dogs forming the normal serum ALP concentration group (8.7 years ± 0.8) was not significantly different from the age of the increased serum ALP concentration group (9.2 years ± 0.6) (P = 0.73). The group of dogs with normal serum ALP was comprised of five castrated males, three spayed females and one intact male; similarly, the group of dogs with increased serum ALP was comprised of four castrated males, four spayed females and 1 intact male. The tumour locations for dogs with normal serum ALP concentration included the humerus in three (two proximal and one diaphyseal), radius in three, femur in one, tibia in one and calcaneous in one. The locations of tumours for dogs with increased serum ALP concentration consisted of the humerus in four cases, radius in four, and tibia in one. Finally, the histologic sub-type of osteosarcomas present in the normal serum ALP group consisted of seven osteoblastic, one chondroblastic/osteoblastic, and one that was not defined. The osteosarcomas comprising the increased serum ALP group included seven osteoblastic, one chondroblastic and one with no description of histologic subtype.
Of the 18 patients from whom samples were collected, 13 were known to have received adjuvant chemotherapy following amputation. Following amputation, dogs received adjuvant chemotherapy protocols consisting of carboplatin, adriamycin, gemcitabine or liposomal-encapsulated muramyl tripeptide ethanolamine (L-MTP-PE). The chemotherapeutics were given as single agents or in combination. Of the remaining five dogs, two underwent amputation for treatment of osteosarcoma but information regarding adjuvant chemotherapy was not available, one dog received only metronomic chemotherapy following amputation, and one dog was euthanized at the time of tissue collection. The median OS time for all dogs contributing tissue to this study was 217 days. The median OS time for dogs with normal and increased The median overall survival time for dogs with osteosarcoma associated with normal (n = 9) and increased (n = 9) serum ALP concentration was 240 and 147 days, respectively (P = 0.2). (B) The median survival time for dogs with osteosarcoma associated with normal (n = 7) and increased (n = 6) serum ALP concentration undergoing amputation and adjuvant chemotherapy was 240 and 208 days, respectively (P = 0.4).
serum ALP concentration was 240 and 147 days (P = 0.2), respectively ( Fig. 2A) . If limited to only the 13 dogs undergoing amputation and receiving cytotoxic chemotherapy, the overall median survival time was 240 days. When assessing the OS time for these dogs according to serum ALP concentration, the median OS time for dogs with normal and increased serum ALP concentration was 240 and 208 days (P = 0.4), respectively (Fig. 2B ). Gene expression profiling was performed using RNA isolated from tumour tissue of the 18 cases of primary canine osteosarcoma, 9 samples were from patients with normal serum ALP and 9 from patients with increased serum ALP concentration at diagnosis. A comparison of gene expression level indicates a homogeneity gene expression between groups. The microarray probed 43 035 transcripts and there were no differences noted in the gene expression pattern of tumour tissue isolated from patients with normal and increased serum ALP concentration when analysed using a gene-specific two-tailed t-test (minimum adjusted p-value 0.05). When gene expression patterns were assessed using a more sensitive empirical Bayes procedure, EBarrays (posterior probability of differential expression 0.98) (2% FDR), the expression of DCUN1D1 was found to be increased in normal serum ALP group compared to the increased serum ALP group (Fig. 3) . Although the difference in DCUN1D1 expression between groups reached statistical significance, the relative difference in DCUN1D1 expression between the two groups was very slight, just less than one-fold.
To ensure the lack of differences between the gene expression patterns of osteosarcoma tissues associated with differing serum ALP concentration was not due to non-tumoural tissue, which may also be present in the biopsy samples, drowning out any potential difference in tumour tissue we also performed microarray analysis on primary osteosarcoma cell lines generated from a subset of these tumours. All six primary osteosarcoma cell lines were previously noted to express ALP, thereby confirming their osteoblast-lineage origin. 28 The gene expression patterns of six canine primary osteosarcoma cell lines (three normal ALP and three increased ALP) were compared first using the gene-specific two-tailed t-test. Similar to the results obtained using tumour tissue samples, there were no significant differences identified in gene expression between cell lines associated with normal or increased serum ALP. Therefore, we used the more sensitive EBarrays to detect any differences in gene expression between the two groups. Again, the expression of DCUN1D1 was greater in normal serum ALP cell lines compared with increased serum ALP cell lines. No other genes were identified as being differentially expressed between the cell lines associated with normal and increased serum ALP concentration.
Quantitative reverse-transcription polymerase chain reaction (qPCR) was used to validate the increased expression of DCUN1D1 noted in the osteosarcoma samples associated with normal serum ALP relative to samples of osteosarcoma associated with increased serum ALP. The increase in DCUN1D1 expression in cell lines from patients with normal serum ALP concentration relative to cell lines from patients with increased serum ALP concentration failed to reach significance (P = 0.16) (Fig. 4) .
Discussion
Serum ALP concentration has been correlated with OS time and disease-free interval (DFI) in osteosarcoma patients, and is considered a negative prognostic factor when increased at diagnosis in humans and dogs with osteosarcoma. 5, 14 The findings from a recent meta-analysis of prognostic factors for canine osteosarcoma performed by Boerman et al. supports serum ALP concentration as a prognostic factor in dogs with osteosarcoma. In the meta-analysis, the association of serum ALP and survival time was assessed using data from seven previous studies and dogs with an increased serum ALP concentration had a shorter survival time compared with dogs with normal ALP level within reference range, with a hazard ratio of 1.62 (95% confidence interval [CI]: 1.21-2.17). 7 Additionally, the meta-analysis examined the association between serum ALP and DFI using data from 10 previous studies and found a hazard ratio of 1.96 for dogs with an increased serum ALP concentration. These findings were supported by another meta-analysis of individual patient data, which reported a hazard ratio of 1.34 for metastatic development and 1.43 for mortality in dogs with increased serum ALP concentration. 8 In the current study, the association between serum ALP concentration and DFI was not assessed due to the use of archived tissue and lack of standardized clinical follow-up on all patients. Whereas a numeric difference existed in the median OS time between dogs with normal (240 days) and increased (208 days) serum ALP concentration that were treated similarly, this difference did not reach statistical significance (P = 0.4). The lack of significance is likely due to the small sample size used for the study. Additionally, the use of survival time as an endpoint in veterinary medicine is fraught with potential biases that limit its usefulness.
Relatively little is known regarding the biological or mechanistic relevance of increased serum ALP concentration as a negative prognostic factor. ALP is considered an important marker of osteoblast differentiation and activity. 30 Serum ALP concentration is frequently used as a biomarker of osteoblastic activity and is known to be increased in non-neoplastic, orthopeadic conditions including bone growth. Our laboratory has reported on the lack of differences in behaviour of cell lines generated from patients with differing serum ALP concentration, suggesting the prognostic significance of ALP is not necessarily due to intrinsic differences between the neoplastic cells comprising the tumour. However, our previous findings were based on the results of in vitro assays carried out with osteosarcoma cell lines. As noted in the introduction, the use of cell lines has its limitations when attempting to address questions relating to the behaviour of disease processes which arise in vivo amongst a complex interaction between tumour cells, tumour microenvironment, and the immune system. Therefore, in attempts to improve upon our previous in vitro study, we evaluated the gene expression of osteosarcoma tumour tissue in dogs with normal and increased serum ALP concentration. The aim of this study was to determine whether differences in gene expression pattern existed between osteosarcoma tissue from patients with normal or increased serum ALP. The identification of unique gene expression patterns or differentially regulated pathways could be used to address differences in prognosis. We hypothesized that there would be differences in the gene expression profiles between osteosarcoma tissues derived from dogs with normal and increased serum ALP concentration.
Surprisingly, osteosarcoma tumour tissue from patients with normal and increased serum ALP concentration did not show any consistent differences in gene expression patterns when evaluated using a two-tailed t-test. Similarly, when the gene expression patterns of canine primary osteosarcoma cell lines were evaluated, there were still no differences noted based on serum ALP concentration. These findings suggest the differences in serum ALP concentration in osteosarcoma-bearing dogs is not due to intrinsic differences within the osteosarcoma cells themselves. Although it is possible there could be differences in the translation of RNA or proteins that are involved with the post-translational modification of ALP that may result in differences in ALP stability and subsequently serum ALP concentration. The current findings are consistent with the results of our previous study in which there were no differences in the behaviour of osteosarcoma cell lines based on the serum ALP concentration of patients from which they were derived. 28 Similarly, Sternberg et al. showed tumour burden as being a determinant of serum ALP concentration, but did not rule out other potential factors influencing serum ALP concentration in osteosarcoma patients. 27 Using a more sensitive test, the EBarrays, to analyze the microarray results, the DCUN1D1 gene was found increased in osteosarcoma tissue from dogs with normal serum ALP group compared with osteosarcoma tissue from dogs with increased serum ALP. The DCUN1D, or squamous cell carcinoma related oncogene (SCCRO), gene was initially identified as a result of investigation of 3q amplification in head and neck squamous cell carcinoma.
31 DCUN1D1 augments neddylation, a posttranslational modification of cullins, which is a regulatory step in cullin RING ligase-mediated protein ubiquitination. Several studies suggest DCUN1D1 could be an oncogene as neddylation is an established pathway in cancer pathogenesis. 32 -34 The expression of DCUN1D1 has been associated with non-small cell lung carcinoma (NSCLC) tumour stage. Approximately 25% of patients with NSCLC will development brain metastasis, and almost all of these tumours express DCUN1D1 identify by immunohistochemistry evaluation. 35 Over expression of DCUN1D1 mRNA and protein was also seen in primary gliomas relative to normal brain tissue, and shows ability to facilitate malignant transformation and carcinogenic progression in vivo. 34 The relevance of DCUN1D1 in osteosarcoma has yet to be determined. To our knowledge, DCUN1D1 has not been reported on previously in association with osteosarcoma. In this study, DCUN1D1 expression was identified via microarray analysis as being increased in osteosarcoma tissue and cell lines associated with normal ALP. Given its previous categorization as an oncogene and association with more aggressive squamous cell carcinomas in humans it is somewhat surprising that DCUN1D1 expression is increased in a population of tumours associated with a better prognosis. The counter-intuitive nature of this preliminary finding may be due to this gene having distinct functions in tumours of differing histologies, however additional studies are necessary to determine the significance of this finding. An additional reason for pause in the interpretation of this result is due to the difference in DCUN1D1 expression between groups was less than one-fold on microarray analysis and the difference in expression when assessed by QPCR failed to reach significance. However, the lack of significance in the QPCR may be due to the small sample size that was evaluated in both the normal (n = 3) and increased (n = 3) serum ALP cell lines. Microarray analysis has been used in numerous studies of human osteosarcoma tissue and cell lines to identify genes involved chemotherapeutic resistance, the metastatic process and in attempts to identify the cell of origin for osteosarcoma. 36 -40 The results of these, and other, studies, underscore the highly complex and heterogeneous nature of osteosarcoma in which the molecular basis of malignant transformation and metastasis remains poorly understood. 9, 41, 42 More recently, microarray analyses have been used to better characterize altered gene expression in canine osteosarcoma in attempts to improve our understanding of genes and signalling pathways that may contribute to a more aggressive phenotype. Paoloni et al. initially described the use of canine osteosarcoma tissue in microarray experiments and highlighted the significant similarities between canine and human osteosarcoma gene expression patterns, thereby validating spontaneously arising canine osteosarcoma as a highly relevant model for the human disease. 2 In a study by Selvarajah et al. microarray analysis was performed on canine osteosarcoma tissue to identify differentially expressed genes, and subsequently signalling pathways, associated with survival. 9 In this study, the patients were separated in two groups based on survival time (>6 versus < 6 months), and using a false discovery rate of 10%, 51 genes were found to be differentially expressed between the two groups. Using a similar approach, O'Donoghue et al. performed gene expression profiling on osteosarcoma samples from patients who had undergone surgery and adjuvant chemotherapy but differed in their DFI (DFI < 100 versus DFI > 300 days). 42 The homogeneity of gene expression found in our study is not characteristic of canine osteosarcoma and should not be interpreted that osteosarcoma is a homogeneous disease as our results were concerned only in regards to differences in gene expression patterns based on the ALP tiers status. It is possible the homogeneity within our study is a reflection of the relative homogeneity, aside from serum ALP status, in the patient population that was assessed. Kubista et al. were able to use microarray analysis to differentiate osteosarcoma samples into the histologic subtypes of osteoblastic versus non-osteoblastic. 43 In our study the vast majority of histologic subtypes in both groups was osteoblastic, therefore the histologic subtype was highly homogeneous making it less likely that we would observe highly heterogeneous gene expression patterns. As noted previously, studies have identified differences in gene expression patterns associated with differences in outcomes in canine osteosarcoma, 9, 41 however in this study there was no significant difference in the median survival time between the two groups. Different breakdowns in the current study population could show more diversity in gene expression comparing groups with different prognosis as in other studies. 9,36 -38,42 It is conceivable that our study may have produced different results had we utilized a patient population in which the serum ALP concentration was associated with a poorer outcome; however, our study should have been able to detect a difference in the gene expression pattern between the tumours associated with normal and increased serum ALP concentration should a true difference have existed based upon this classification, as the serum ALP concentration was significantly different between the two groups.
The similarity in gene expression between groups with normal and increased serum ALP concentration at diagnosis identified in this study supports the theory arising from the results of the Sternberg et al. and Holmes et al. studies that increased serum ALP concentration might not be linked to enhanced tumourigenic or metastatic cellular behaviour. 27, 28 Although gene expression analysis did not show or indicate pathways or genes involved in this process, these results could benefit further investigations regarding the role of ALP in tumourigenicity and/or osteogenic process in osteosarcoma, and its relation with prognosis.
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